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中  文  摘  要 
 




研究了 5 种双过氧钒化合物{bpV(ox)，potassium bisperoxo(oxalato)oxovanadate、
bpV(bipy)， sodium bisperoxo(2,2’bipyridine)oxovanadate、 bpV(phen)， potassium 
bisperoxo(1,10-phenanthroline)oxovanadate、bpV(pic)，potassium bisperoxo (piclinato) 
oxovanadate、bpv(Imi-py)，ammonium bisperoxo[2-(2′-pyridyl)-imidazole] oxovanadate}
对脂肪细胞糖代谢的影响和 bpV(Imi-py)对肝癌的影响。 
    本研究在水溶液中合成了 4 种典型的双过氧钒化合物 bpV(ox)、bpV(bipy)、
bpV(phen)和 bpV(pic)和 1 种新型双过氧钒化合物 bpV(Imi-py)，并对这五种化合物
进行了谱学表征；为了研究它们的模拟胰岛素活性，本研究以诱导分化成熟的脂
肪细胞 3T3-L1 为细胞模型，用葡萄糖氧化酶法检测了 5 种双过氧钒化合物对葡萄
糖消耗的影响；通过半定量 RT-PCR 分析了双过氧钒化合物对过氧化物酶体增生物
激活受体(PPARγ)、抵抗素(Resistin)和葡萄糖转运蛋白-4(GLUT-4) mRNA 表达的影
响，通过 western blot 方法研究了双过氧钒化合物对 GLUT-4 蛋白转位的影响；为
了研究双过氧钒的抗癌作用，体外实验采用 MTT 法、荧光染色、流式细胞仪和
DNA 凝胶电泳等方法检测了 bpV(Imi-py)对肝癌细胞 Bel-7402 形态学和生化学的
改变，并初步探讨了其作用机理，检测了 Caspase-3、-8、-9 酶的催化活性，体内
实验观测了双过氧钒化合物 bpV(Imi-py)对 H22 小鼠肿瘤模型的治疗作用。 
    本研究结果表明：5 种双过氧钒化合物均能不同程度地促进脂肪细胞的葡萄糖
消耗，上调 PPARγ和 GLUT-4 mRNA 的基因表达，下调 Resistin 基因表达，促进
GLUT-4 蛋白的转位。bpV(phen)和 bpV(Imi-py)表现出较强的模拟胰岛素作用，优






































Vanadium is a trace element that is ubiquitous in nature and essential for human. In 
the past 20 years, biological activity and pharmacology of vanadium compounds are one 
of the hot research topics around the world, especially their potential in anti-diabetes 
and insulin resistance. In recent years, vanadium compounds as broad-spectrum 
anti-cancer drug have also attracted much attention. In this thesis, five diperoxovanadate 
compounds {bpV(ox)，potassium bisperoxo(oxalato)oxovanadate、bpV(bipy)，sodium 
bisperoxo(2,2’bipyridine)oxovanadate 、 bpV(phen) ， potassium bisperoxo 
(1,10-phenanthroline)oxovanadate 、 bpV(pic) ， potassium bisperoxo (piclinato) 
oxovanadate、bpv(Imi-py)，ammonium bisperoxo[2-(2′-pyridyl)-imidazole] oxovanadate} 
were synthesized and characterized. Their impacts on glucose metabolism in adipocyte 
and antitumor effect in hepatocellular carcinoma were investigated. 
Four typical diperoxovanadate compounds [bpV(ox), bpV(bipy) bpV(phen), 
bpV(pic)] and a new diperoxovanadate compound bpV(Imi-py) were synthesized in 
water solution, and their spectral characters were analyzed. In order to study their 
insulin-like activity, glucose oxidase method was used to investigate the influence of the 
five diperoxovanadate compounds on glucose consumption in 3T3-L1 adipocytes which 
were fully differentiated. Influence of diperoxovanadate compounds on PPARγ, 
GLUT-4 and Resistin mRNA expression was analyzed by semi-quantitative RT-PCR. At 
the same time, Influence of diperoxovanadate compounds on GLUT-4 protein 
translocation was analyzed by western blot method. In order to study the anticancer 
effect of the diperoxovanadates, MTT, staining, DNA flow cytometry and gel 
electrophoresis methods were used in vitro to detect the influence of bpV(Imi-py) on 
morphological and biochemical changes of hepatoma cells Bel-7402. In addition, we 
investigated the mechanism by testing its catalytic activity on Caspase-3, -8, -9 and by 
observing the therapeutic effects of bpV(Imi-py) on H22 mouse tumor model, in vivo. 
Our results show that all of the five diperoxovanadate compounds can promote the 














expression, downregulate Resistin gene expression and promote GLUT-4 protein 
translocation. BpV(phen) and bpV(Imi-py) show strong insulin-like activity, superior to 
the positive control VOSO4. BpV(Imi-py) can induce Bel-7402 apoptosis in a 
dose-dependent manner, and improve the catalytic activities of Caspase-3, -8, -9. In vivo, 
bpV(Imi-py) can inhibit tumor growth and induce tumor apoptosis. 
In conclusion, the new diperoxovanadate bpV(Imi-py) shows good insulin-like 
activity in adipocyte model, possible for anti-diabetes application. BpV(Imi-py) also has 
significant anti-tumor effect, which may be relevant to liver cell apoptosis mechanism.  























说中爱与美的女神 Vanadis 的名字命名为 Vanadium。在已知各种钒化合物中，钒
可以是-1、0、+2、+3、+4 和+5 价，其中以+4 和+5 价化合物 为稳定。钒的原子
量为 50.9，存在两种天然同位素：50V（丰度 0.24 %）和 51V（丰度 99.76 %）。 
钒是种丰富多彩的元素，不仅表现在化学性质的复杂性，也反映于生物效应




物多带有不同的颜色特征，+5 价钒化合物常呈褐色或橙红色；+4 价、+3 价和+2
价钒化合物分别呈蓝、绿和紫色[1]。钒的溶液化学性质较为复杂。常见的+5 价含



























浓度（约 20 nM）相近，体内钒的总储蓄量约可达 100-200 μg[3]。 
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虽然在 100 多年前[7]就观察到口服 Na3VO4 能降低三分之二的糖尿病患者的糖
尿，但直到 1985 年[8]才发现其可作为口服的胰岛素样。后续研究表明，对不同的
1 型糖尿病动物模型，钒能降低血浆中血糖的水平。对 2 型糖尿病的胰岛素抵抗实
验模型，钒能降低血浆胰岛素水平及提高胰岛素敏感性。为此这些钒化合物可作
为治疗 1 型和 2 型糖尿病的候选口服制剂[9]。 












表 1.1 钒介导的胰岛素应答组织的模拟胰岛素作用(根据文献[16]重制)  
Table 1.1 Current list of the insulin-like actions mediated by vanadate in various 
insulin-responsive tissues 
行为 直接效应 靶组织 
己醣转运 刺激 骨骼肌 
大鼠脂肪细胞 
脂肪生成 刺激 大鼠脂肪细胞 
葡萄糖氧化 刺激 大鼠脂肪细胞 
脂解 抑制 大鼠脂肪细胞 
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糖原合成 刺激 大鼠脂肪细胞 
大鼠肝细胞 
促有丝分裂活性 增加 各种培养细胞 
IGF-Ⅱ的转移 刺激或增加 大鼠脂肪细胞 
K+的吸收 刺激 心肌细胞 
Ca2+-Mg2+-ATP 酶 抑制 大鼠脂肪细胞上的质膜 
Ca2+进入的流入量 刺激 脂肪细胞 
胞内 pH 提高 A－431 细胞 
 
表 2.2 钒化合物抗糖尿病的动物模型（根据文献[4]重制） 
Table 2.2 Anti-diabetic effects of vanadium compounds in animal models of 
diabetes mellitus 
































用的 1 型和 2 型糖尿病的动物模型及钒对两种动物模型的作用见表 2。在具有类胰
岛素作用的含钒化合物中，有三类化合物受到较多的注意：简单的钒酸盐、四价
钒的螯合物和五价钒的过氧化物。 早发现的类胰岛素钒化合物是简单的钒酸盐，
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